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The oxidation of alcohols to their corresponding carbonyl 
compounds is a frequently employed fundamental organic 
transformation in synthetic laboratories and the chemical 
industry.
1
 One of the most historic and widely used methods for 
alcohol oxidation involves the activation of dimethylsulfoxide 
(DMSO) by a variety of electrophilic reagents such as oxalyl 
chloride (Swern oxidation), dicyclohexylcarbodiimide (Pfitzner-
Moffat), SO3.pyridine (Parikh-Doering), trifluoroacetic acid 
anhydride (Omura-Sharma-Swern) and N-chlorosuccinimide  
(Corey-Kim oxidation with dialkyl sulfide).
2
 Among these 
DMSO-activation methods, Swern oxidation has regularly been 
the default pathway due to its consistent efficiency over a broad 
range of substrates.
2
 The original Swern oxidation employed 
oxalyl chloride to form the reactive chlorodimethylsulfonium 
chloride, which subsequently reacted with alcohols and bases to 
give the carbonyl compounds and dimethyl sulfide.
3
 The 
activation of DMSO by oxalyl chloride is strongly exothermic 
and violently generates toxic gases such that it has to be carried 
out at very low temperature in a well-ventilated area.
2-4
 
Furthermore, oxalyl chloride itself is a volatile toxic reagent that 
can be difficult to handle. There have been several studies 
investigating other chloride-bearing reagents for the replacement 
of oxalyl chloride in Swern-type oxidation reactions, most 
notably cyanuric chloride
4
 and triphenylphosphine dichloride.
1
 
These reagents consist of reactive chlorides bonding to a 
heterocycle (cyanuric six-membered ring) or heteroatom 
(phosphorus in phosphine dichloride). Herein, we report the use 
of 1,1-dichlorocycloheptatriene (1) (Scheme 1), a simple 
chlorinated hydrocarbon, as a new DMSO activator for efficient 
Swern-type oxidation of a broad range of alcohol substrates 
under mild reaction conditions.  
Previously, our group has reported the use of 1,1-
dichlorocycloheptatriene
5
 to activate nucleophilic substitution 
reactions of alcohols and carboxylic acids.
6
 The principle behind 
the activity of this compound is its ability to equilibrate between 
the neutral cycloheptatriene and the aromatic tropylium cation 
forms, which provides the driving force for nucleophilic 
reactions to occur.
6
 On this basis, we  were interested to 
investigate the possibility of utilizing 1,1-
dichlorocycloheptatriene (1) to activate other systems than just 
carboxylic acids and alcohols. Encouragingly, preliminary 
experiments in our group have shown that 1 can rapidly convert 
DMSO into its ‘Swern oxidation’ active form of 
chlorodimethylsulfonium chloride 3. To our knowledge, this is 
the first use of an allyl/aryl chloride reagent such as 1 for this 
type of transformation, offering a mild and convenient alternative 
to the classical Swern oxidation. 
Scheme 1. Activation of DMSO for Swern-type oxidation by 1,1-
dichlorocycloheptatriene (1). 
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A new dimethylsulfoxide activation method employing 1,1-dichlorocycloheptatriene has been 
developed for a mild Swern-type oxidation of a variety of alcohols. The carbonyl products can 
be obtained in good to excellent yields from this operationally simple and efficient method. This 
work is the first report of dimethylsulfoxide activation by a simple chlorinated hydrocarbon 
reagent, which has the unique ability of equilibrating to its reactive aromatic cationic form.  
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We postulate that the reaction between 1 and DMSO proceeds 
via the sulfonium ether intermediate 2, which presumably 
equilibrates with the tropylium sulfonium ether intermediate 2’ as 
mentioned earlier. The tropylium moiety of intermediate 2’ has 
the tendency to revert back to its cycloheptatriene (tropone) form, 
which provides the driving force for the formation of 
chlorodimethylsulfonium chloride 3. The transformations leading 
to 3 were extremely fast even at -40 C, such that we were unable 
to obtain structural evidence for the formation of intermediates 
2/2’ by NMR, MS or TLC at this stage. However, these types of 
intermediates have been observed in our previous work on 
nucleophilic chlorination of alcohols using 1.
6
 Singh and 
Giacomelli also proposed similar intermediates for their 






From this point onward, the process is analogous to the 
classical Swern oxidation. Treatment of an alcohol with the 
in situ generated chlorodimethylsulfonium chloride led to the 
alkoxydimethylsulfonium chloride intermediate 4, which was 
transformed into dimethyl sulfide (5) and the carbonyl compound 
6 upon the addition of a base. 
Optimization of the reaction conditions for the Swern-type 
oxidation of alcohols by 1,1-dichlorocycloheptatriene and DMSO 
was carried out with 2-phenylethanol (Table 1).
7
 Initially, DMSO 
(5.0 equiv.) was added to a solution of 1 (1.5 equiv.) in 
dichloromethane at -78 C and the mixture was stirred at that 
temperature for 20 minutes. 2-Phenylethanol was then added and 
stirring was continued for another 20 minutes. Triethylamine (5.0 
equiv.) was subsequently added, and the mixture was allowed to 
warm to room temperature with stirring. We were able to isolate 
the aldehyde product directly from a concentrated reaction 
mixture by column chromatography with an excellent yield of 
96% (entry 1, Table 1). Varying the ‘waiting’ activation time 
from 20 minutes to 10 or five minutes had a negligible effect on 
product yield. The system proved to be efficient at an increased 
temperature up to -30 C, but the yield of the product decreased 
significantly above -20 C (entries 2-5, Table 1). At -30 C, the 
amounts of 1, DMSO and triethylamine could be reduced to 1.2, 
3.0 and 3.0 equivalents, respectively without any noticeable 
decrease in the yield (entries 6-9, Table 1). The replacement of 
triethylamine by Hünig's base led to a comparable yield of 
isolated product, offering an alternative base for this reaction 
system in the event of triethylamine-sensitive products.
8
 
These optimum reaction conditions were subsequently 
employed to oxidize a range of primary and secondary alcohols 
(Table 2). The Swern-type oxidation reactions for these  




Entry 1 DMSO Base Temp. Yield
b
 (%) 
1 1.5 equiv. 5.0 equiv. Et3N, 5.0 equiv. - 78 C 96 
2 1.5 equiv. 5.0 equiv. Et3N, 5.0 equiv. - 30 C 93 
3 1.5 equiv. 5.0 equiv. Et3N, 5.0 equiv. - 20 C 71 
4 1.5 equiv. 5.0 equiv. Et3N, 5.0 equiv. 0 C 42 
5
c
 1.5 equiv. 5.0 equiv. Et3N, 5.0 equiv. 25 C - 
6 1.5 equiv. 3.0 equiv. Et3N, 5.0 equiv. - 30 C 92 
7 1.5 equiv. 5.0 equiv. Et3N, 3.0 equiv. - 30 C 90 
8 1.5 equiv. 3.0 equiv. Et3N, 3.0 equiv. - 30 C 90 
9 1.2 equiv. 3.0 equiv. Et3N, 3.0 equiv. - 30 C 91 
10 1.2 equiv. 3.0 equiv. 
i
Pr2NEt, 3.0 equiv. - 30 C 92 
a
See the Supporting Information for the reaction conditions. 
b
Yield of isolated product. 
c
Only a trace of the carbonyl product was observed. 
substrates occurred smoothly, affording the corresponding 
carbonyl compounds in good to excellent yields.
7
 Functional 
groups on benzylic alcohols seemed to have an insignificant 
effect on the outcomes of the reactions (entries 1-5, Table 2). 
There was no noticeable difference in the reactivity between 
activated alcohols and non-activated alcohols (entries 6-9, 
Table 2) or cyclic/acyclic alcohols (entries 13 and 14, Table 2). 
Oxidation of secondary alcohols seemed to afford slightly lower 
yields of isolated products compared to those obtained with 
primary alcohols. Albeit with somewhat lower yields, the 
oxidation of diol and heterocyclic alcohol substrates also 
proceeded smoothly under the developed reaction conditions 
(entries 10-12 and 21, Table 2). Biologically relevant substrates 
such as -ionol and (−)-menthol (entries 22 and 23, Table 2) 
were also oxidized to their corresponding ketones in high yields 
without structural rearrangement or epimerization.
7
 The products 
could be isolated by the direct column chromatography of the 
concentrated reaction mixtures. The valuable tropone by-product 





Table 2. Swern-type oxidation of various alcohol substrates to give the corresponding carbonyl compoundsa 
 
Entry Substrate Product Yield
b








































































See the Supporting Information for the reaction conditions. 
b
Yield of isolated product. 
c
2.2 equiv. of 1, 5.0 equiv. each of DMSO and Et3N were used. 
d
No trace of epimerized products. 
The advantages that this new activation method has over the 
classical Swern oxidation reaction are: (1) the reaction between 1 
and DMSO was operationally simple and gentle; (2) it generated 
no gaseous toxic by-products; (3) The tropone by-product can be 
isolated in high yield and recycled to produce 1 again,
5,6
 making 
the method cost-efficient for application in synthetic laboratories. 
1,1-Dichlorocycloheptatriene (1) has been shown to convert 
primary and secondary alcohols to their chloride derivatives,
6
 
however, there was no trace of these competing reaction products 
in all the cases reported in Tables 1 and 2, as was predicted by 
employing an excess of DMSO and a low reaction temperature.
9
 
In conclusions, we have developed a new and alternative 
method to activate DMSO for the mild and efficient Swern-type 
oxidation of alcohols to their corresponding carbonyl 
compounds. This is the first report on employing an allyl/aryl 
chloride such as 1,1-dichlorocycloheptatriene (1) to activate 
DMSO. The method presumably relies on the unique ability of 
the chlorocycloheptatriene moiety to equilibrate with its reactive 
tropylium chloride form.
6
 This study not only offers a versatile 
alternative to the classical Swern oxidation but also expands the 
scope of tropylium aromatic cation chemistry pioneered by our 
group beyond nucleophilic substitution reactions of hydroxyl 
groups.
6
 Studies to apply this new DMSO activation method to 
other types of chemical transformations
10
 are ongoing and will be 
reported in due course. 
General procedure for the Swern-type oxidation reaction: A 
solution of DMSO (3.0 mmol) in CH2Cl2 (2.0 mL) was added to 
a solution of 1 (1.2 mmol) in CH2Cl2 (5.0 mL) at -30 C, and the 
mixture was stirred for 20 min at the same temperature.  The 
alcohol substrate (1.0 mmol) was added, and the mixture was 
stirred for another 20 min before the dropwise addition of Et3N 
(3.0 mmol). The mixture was subsequently left to warm to room 
temperature (20 mins) and concentrated under reduced pressure. 
The product was isolated by flash column chromatography. 
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